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Description 

GROUND DIFFERENCE COMPENSATING SYSTEM 
Technical Field 

[01] This invention relates generally to ground compensation and, more 

particularly, to an active ground difference compensation system. 

Background 

[02] Electrical systems operate by providing different potential levels, 

(e.g., voltage levels) to various points in the system. These differences in potential 
levels can cause current to flow through loads disposed between the different 
potential levels. This current may be used to drive various types of electrical 
devices. 

[03] Many electrical systems include at least one zero potential level 

referred to as a ground level. In certain systems a single point ground may be 
provided, which serves as a zero volt potential level for the system. That is, any or 
all other potential levels in the system may be referenced with respect to the single 
point ground. 

[04] Other systems, however, may include multiple ground points. In 

many applications, it may be desirable to maintain these multiple ground points at 
the same potential level (e.g., zero volts). Maintaining each of the multiple ground 
points at a common potential level may help to ensure consistency within the 
electrical system. For example, maintaining the ground points at a common voltage 
level could ensure that measurements of various signals associated with the electrical 
system would be consistent regardless of which ground point was used as a reference 



point. Further, maintaining the ground points at a common voltage level could help 
to minimize or prevent undesirable leakage current between the ground points. 

Maintaining multiple ground points at a common voltage level can be 
challenging. Simply connecting the multiple ground points to each other using wire 
connectors may not provide the desired effect. For example, wires include a certain 
resistance that depends on factors such as wire thickness, length, and material. For 
short lengths of wire, the resistance may be negligible. For longer lengths of wire, 
however, the resistance may be significant. This resistance may cause two ground 
points connected by the wire to reside at different potential levels when a current is 
allowed to flow in the wire. The magnitude of the potential difference between the 
two ground points may depend on the total resistance of the wire and the magnitude 
of the current flowing in the wire. As the magnitude of the current in the wire 
increases, the potential difference between the two ground points also will increase. 

Electrical systems have been proposed that monitor differences 
between two potential levels and compensate for these differences. For example, 
U.S. Patent No. 5,869,909 ("the '909 patent") describes an active ground 
compensation system that senses a voltage difference between a neutral reference 
node and a ground node of a power line communication system. In response to a 
difference between these nodes, the ground compensation system drives the ground 
node to reduce the voltage difference between the voltage of the ground node and the 
voltage of the neutral reference node. 

While the ground compensating electronics of the '909 patent may 
compensate for potential differences between two nodes in an electrical system, the 
configuration disclosed may be problematic and not suitable for many types of 
applications. For example, complicated electronics may be required for actively 
driving the ground node to a potential level equivalent to that of another node. 
Further, the ground compensating circuitry of the '909 patent is directed toward 



solving problems associated with electrical power systems for homes and may have 
limited use in other types of electrical systems. 

The present invention is directed to overcoming one or more of the 
problems or disadvantages existing in the ground compensation methods and 
apparatus of the prior art. 

Summary of the Invention 

One aspect of the present invention includes a method of ground level 
compensation. The method includes measuring a voltage of at least one signal with 
respect to a primary ground potential and measuring, with respect to the primary 
ground potential, a voltage level associated with a secondary ground potential. A 
difference between the voltage level associated with the secondary ground potential 
and an expected value is calculated. The measured voltage of the at least one signal 
is adjusted by an amount corresponding to the calculated difference. 

A second aspect of the present invention includes a ground 
compensating control unit. The control unit has a primary ground point, which has a 
first voltage potential. At least one data input supplies an input signal to the control 
unit, and a reference input supplies a second voltage potential, associated with a 
secondary ground point, to the control unit. The control unit also includes a 
processor configured to: measure, with respect to the first voltage potential, a first 
voltage magnitude associated with the input signal; measure, with respect to the first 
voltage potential, a second voltage magnitude associated with the secondary ground 
point; calculate a difference between the second voltage magnitude and an expected 
value; and adjust the measured first voltage magnitude by an amount corresponding 
to the difference. 
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Brief Description of the Drawings 

[11] Fig. 1 is a block-level schematic representation of a ground difference 

compensation system in accordance with an exemplary embodiment of the invention. 

Detailed Description 

[12] A ground difference compensation system 10 for actively 

compensating for differences between two or more potential levels is shown in Fig. 
1. While system 10 may be used with various types of electrical systems, in one 
exemplary embodiment, system 10 may be included as a component of a vehicular 
electrical system. System 10 may include, for example, a single point ground 12, a 
battery 14, a controller 16, and a reference voltage generating circuit 20. 

[13] Single point ground 12 may provide a zero voltage potential that 

serves as a foundation for a significant portion, if not all, of the electrical 
components of a vehicle. In one embodiment, single point ground 12 may include a 
conductive element physically attached to a large conductive mass and/or to earth 
ground. For example, single point ground 12 may include a conductive connection 
device bolted to the frame of a vehicle. A negative terminal of battery 14 may be 
connected to single point ground, and many, if not all, of the analog voltage levels 
produced by various vehicle sensors (e.g., oil pressure, oil temperature, engine speed, 
coolant temperature, among others) may be referenced to single point ground 12. 
Battery 14 may provide a 12 volt potential or any other suitable potential level. 

[14] Controller 16 may include, for example, an electronic control unit 

(ECU) of a vehicle. For example, controller 16 may include a dSPACE 
microAutoBox or other type of ECU. Controller 16 may include a plurality of inputs 
21 and 22. It should be noted that controller 16 may include up to N number of 
inputs determined by factors such as how many signals are to be received by 
controller 16 and how much physical space is available for inputs on controller 16. 
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Inputs 21 and 22 may be used for receiving analog and/or digital signals from 
various sources and for supplying those signals to controller 16. For example, inputs 
21 and 22 may receive signals from various vehicle sensors. By monitoring the 
levels of these signals, controller 16 may determine the operating characteristics of, 
for example, an engine, a coolant system, a lubrication system, a traction system, and 
other types of vehicle systems. Further, in response to the levels of the signals on 
inputs 21 and 22, controller 16 may generate output signals for modifying or 
otherwise controlling the operation of various vehicle systems and their components. 

[15] Controller 16 may include a controller ground 18, which may be 

separate from single point ground 12. For example, controller ground 18 may be 
located internal to a controller module that houses controller 16. While controller 
ground 18 may be directly connected to single point ground 12, controller ground 18 
may include a potential level different from that of single point ground 12. As 
shown in Fig. 1, controller ground 18 may be connected to the negative terminal of 
battery 14 via line 23, which has an associated line resistance 24. Similarly, single 
point ground 12 may also be connected to the negative terminal of battery 14 via a 
line 25 having an associated line resistance 26. It should be noted that many 
connection configurations including single point ground 12, battery 14, and 
controller ground 18 are possible. For example, a single line may be used to connect 
single point ground 12 directly to controller ground 18, and connections to the 
negative terminal of battery 14 maybe made separately. 

[16] In the exemplary circuit configuration shown in Fig. 1, the potential 

level of single point ground 12 may differ from the potential level of controller 
ground 18. For example, in response to a load resistance 27, which may represent 
one or more current load devices, a current (Iload) flows in line 25. Similarly, in 
response to the current load of controller 16, the operation of devices such as relays 
28, and a load resistance 29, which may also represent one or more current load 
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devices, a current (I c ) flows in line 23. The potential levels of controller ground 18 
(V C g) and single point ground 12 (V S pg) may be represented by the following 
equations: 

[17] V C G = V B attNeg + (Ic*R24) (1) 

[18] VsPG = V B a«Neg + (bAD * R 26 ) (2) 

where V B attNe g is the potential level of the negative terminal of battery 14, R 2 4 is line 
resistance 24 of line 23, and R26 is line resistance 26 of line 25. Combining these 
equations yields the expression: 

[19] V CG = Vspg - (Iload * R26) + (Ic * R24) (3) 

Thus, the potential level of controller ground 18 (V C g) will differ from that of single 
point ground 12 (V S pg) by an amount dependent on Iload, Ic, R24, and R 2 6- As will 
be discussed below, this difference can be significant. 

[20] Ground difference compensation system 10 monitors the potential 

level of controller ground 18 with respect to single point ground 12 and may 
compensate for differences that may exist between these two voltage levels. 
Specifically, controller 16 may be configured to receive a reference voltage 30 
associated with single point ground 12, to measure the voltage potential of reference 
voltage 30, and to compare the measured value to an expected value. If a difference 
exists between reference voltage 30 and the expected value, then controller 16 may 
recognize that single point ground 12 and controller ground 18 do not share a 
common potential level. When controller 16 finds a non-zero difference between 
reference voltage 30 and the expected value, controller 16 may account for this 
difference when measuring the values of various input signals and when generating 
various output signals. 

[21] Reference voltage 30 associated with single point ground 12 may 

correspond to the actual potential level of single point ground 12. Alternatively, 
however, reference voltage 30 may include a potential level offset by a certain 



' 1 



-7- 

amount with respect to the potential level of single point ground 12. For example, 
where the potential level of single point ground 12 falls within the measurement 
range of controller 16, the actual potential level of single point ground 12 may be 
supplied to controller 16 as reference voltage 30. Where the potential level of single 
point ground 12 falls outside of the measurement range of controller 16, however, an 
appropriate offset may be added to the potential level of single point ground 12 to 
provide reference voltage 30. 

[22] As illustrated in Fig. 1, ground difference compensation system 10 

may include a reference voltage generating circuit 20 configured to add an offset 
potential to the potential of single point ground 12. In one exemplary embodiment, 
reference voltage generating circuit 20 includes an op-amp based circuit that 
generates reference voltage 30 (Vref) according to the expression: 

[23] Vref = (1 + RF/RS)*V S - (RF/RS) *V SPG (4) 

where V s is a supplied voltage 32, V S pg is the voltage potential of single point 
ground 12, and RF and RS are resistance values associated with resistors of the op- 
amp based reference voltage generating circuit 20. By definition, V S pg has a 
potential level of zero volts, and because virtually no current flows to the inputs of 
an op-amp 33 of reference voltage generating circuit 20, the voltage level supplied to 
RS will be V S pg. The values of RF, RS, and supplied voltage 32 (V s ) can be chosen 
to provide any desired reference voltage 30. With the values shown in Fig. 1 (e.g., 
V s = 2.5 V, RS = 200 kH, and RF = 100 kQ), reference voltage 30 will have a 
potential value of 3.75 V. Thus, in this example, reference voltage 30 is offset from 
the potential level of single point ground by 3.75 V. 

[24] Controller 16 can use reference voltage 30 to determine whether a 

potential difference exists between the potential levels of single point ground 12 and 
controller ground 18. Specifically, controller 16 may include a processor configured 
to measure reference voltage 30 with respect to controller ground 18. The measured 



value for reference voltage 30 may be compared to an expected value for reference 
voltage 30. Controller 16 may calculate a difference between the measured value of 
reference voltage 30 and the expected value. The expected value of reference 
voltage 30 may be a value determined according to the characteristics of the known 
components of reference voltage generating circuit 20 and may be, for example, 
stored in a memory of controller 16. The calculated difference value corresponds to 
the difference in potential levels that exists, at a particular instant, between single 
point ground 12 and controller ground 18. 

Controller 16 may account for the difference in potential levels 
between single point ground 12 and controller ground 18 by adjusting measured 
input signals and generated output signals by an amount corresponding to the 
calculated difference value. For instance, controller 16 may receive an input signal 
(e.g., a vehicle sensor output) at input 21. Controller 16 measures the magnitude of 
the input signal with respect to controller ground 18, even though the input signal, 
itself, may be referenced to single point ground. Thus, if a difference exists between 
the potential levels of single point ground 12 and controller ground 18, then the 
magnitude of the input signal as measured by controller 16 will not accurately reflect 
the magnitude of the input signal with respect to single point ground 12. Controller 
16 may, however, correct for a ground difference between single point ground 12 
and controller ground 18 by adding the calculated difference value, which may be 
positive or negative, to the input signal. This adjustment process may proceed at any 
desired rate. For example, the adjustment process may be initiated as a result of a 
certain event (e.g., receipt of data on a particular input), or the process may proceed 
at a certain rate (e.g., a sampling rate of controller 16 or other desired rate). In this 
manner, controller 16 can account for time-varying ground level differences between 
single point ground 12 and controller ground 18. 



Industrial Applicability 
Example 

The potential difference between controller ground 18 and single 
point ground 12 may be substantial especially where line resistance values 24 and 26 
are significant. In one particular example of a circuit constructed as represented in 
Fig. 1, a 00 gauge wire of approximately eight feet in length was used for line 25 
connecting single point ground 12 to the negative terminal of battery 14. A 00 gauge 
wire has a resistance of about 0.077 mQ/ft. Thus, line resistance 26 was about 
0.6 mQ. Line 23, however, was approximately 25 feet in length and was constructed 
of 16 gauge wire, which has a resistance of about 5 mQ/ft. Thus, line resistance 24 
of line 23 was approximately 125 mQ. 

Substituting these values into equation (3) above, and assuming a 
current level of 2 A for both IC and ILOAD, provides: 

VCG = VSPG - (2 A * 0.6 mQ) + (2 A * 125 mQ), or 

VCG = VSPG + 248.8 mV. 
Thus, currents of 2 A through lines 23 and 25, which are not uncommon in many 
vehicular and other applications, would provide a voltage potential offset between 
controller ground 18 and single point ground 12 of approximately 250 mV. This can 
lead to substantial errors in circuit operation. For example, a 2.5 V signal (e.g., a 
vehicle sensor output), as measured with respect to single point ground 12, would 
appear as 2.25 V as measured with respect to controller ground 18. This variation in 
measurement values represents a 10% error, which could substantially affect the 
ability of controller 16 to accurately monitor and control many vehicle functions. 

The disclosed ground difference compensation system 10 may be used in any 
electrical application having two or more ground potentials that reside at different 
potential levels. System 10 has the ability to account for time-varying differences 
among the ground potentials to help ensure that measurements of signal levels are 
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consistently made with respect to the same ground potential. Further, because 
system 10 compensates for differences in ground levels by keeping track of the 
difference values and applying them to measured values, the electronics included in 
system 10 may be more simple than prior art systems that attempted to drive a 
ground potential to a new potential level in response to a perceived difference. In 
view of the lack of electronics for generating a new potential and applying it to one 
or more ground levels, system 10 may have a quicker response time than prior art 
systems. 

It will be apparent to those skilled in the art that various modifications and 
variations can be made in the disclosed ground difference compensation methods and 
apparatus without departing from the scope of the disclosure. Additionally, other 
embodiments of the ground difference compensation methods and apparatus will be 
apparent to those skilled in the art from consideration of the specification. It is 
intended that the specification and examples be considered as exemplary only, with a 
true scope of the disclosure being indicated by the following claims and their 
equivalents. 



